
United States Patent 

US007064937B2 

(12) (10) Patent N0.: US 7,064,937 B2 
Wan et a]. (45) Date of Patent: Jun. 20, 2006 

(54) SYSTEM AND METHOD FOR FIXING A 5,247,278 A 9/1993 Pant et a1. .................. .. 338/32 
DIRECTION OF MAGNETIZATION OF 5,432,734 A 7/1995 Kawano et a1. 365/158 
PINNED LAYERS IN A MAGNETIC FIELD 5,508,867 A 4/1996 Cain et a1. ................ .. 360/113 
SENSOR 5,561,368 A 10/1996 Dovek et a1. ............. .. 324/252 

(75) Inventors: Hong Wan, Plymouth, MN (US); (Continued) 
Lakshman S. WithanaWasam, Maple 
Grove’ MN (Us) FOREIGN PATENT DOCUMENTS 

EP 0 710 850 A2 5/1996 
(73) Assignee: Honeywell International Inc., 

Morr1stoWn, N] (U S) (Continued) 

( * ) Notice: Subject‘ to any disclaimer,‘ the term of this OTHER PUBLICATIONS 
patent is extended or adjusted under 35 
U_S_C_ 154 b b 0 da S_ International Search Report PCT/US2004/005156. ( ) y y 

(21) Appl. No.: 11/255,696 (Continued) 

(22) Filed: Oct. 21, 2005 Primary ExamineriA. J. Heinz 
(74) Attorney, Agent, or F irmiMcDonnell Boehnen 

(65) Prior Publication Data Hulbert & Bergho? LLP 

US 2006/0039090 Al F b. 23 2006 
e ’ (57) ABSTRACT 

Related US. Application Data 

(62) Division of application No. 10/370,652, ?led on Feb. A Spin Valve GMR Sensor Con?gured in a bridge con?gu_ 
20’ 2003' ration is provided. The bridge includes tWo spin valve 

(51) Int Cl element pairs. The spin valve elements include a free layer, 
G123 89 (2006 01) a space layer, a pinned layer, and a bias layer. The bias layer 

' _ includes a ?rst bias layer and a second bias layer. The ?rst 

gfsl'dcli "" "" """ 360/324'316’ and second spin valve element pairs are formed on separate 
( ) 8:321 01102125051: glztlfglrl coeglrcleté's'ée'l'llgl'l histo ' metal layers and a current pulse is applied to the metal 

pp p 1y‘ layers, Which sets the direction of magnetization in the 
(56) References Cited pinned layer of the ?rst pair of spin valve elements to be 

US. PATENT DOCUMENTS 

3,054,978 A 9/1962 Schmidlin et a1. .......... .. 338/24 

3,569,895 A 3/1971 Fujisada .......... .. 338/14 

3,949,346 A 4/1976 Makino et a1. 338/32 
4,176,305 A 11/1979 Cuno . . . . . . . . . . . . . . . . .. 318/653 

4,506,220 A 3/1985 Sawada et a1. . 324/252 
4,847,584 A 7/1989 Pant ...... .. 338/32 

4,949,039 A 8/1990 Grunberg . . . . . . . . .. 324/252 

5,206,590 A 4/1993 Dieny et a1. .............. .. 324/252 

602 606 

PERMALLOY ® 

Cu 

Co —> C0 

SUBSTRATE 

antiparallel to the direction of magnetization in the pinned 
layer of the second pair of spin valve elements. The same 
e?cect can be accomplished by making the pinned layer 
substantially thicker than the second bias layer in the ?rst 
spin valve element pair and the pinned layer is substantially 
thinner than the second bias layer in the second spin valve 
element pair and applying a magnetic ?eld to the ?rst and the 
second spin valve element pairs. 

19 Claims, 7 Drawing Sheets 

600 

/ 
612 

604 608 

/ / 
PERMALLOY ® PERMALLOY ® 
Cu Cu 
Co 5"” Co 4—” 
_Rn ______ _ 3n _____ _ - 

Co ——> C0 

610 614 



US 7,064,937 B2 
Page 2 

US. PATENT DOCUMENTS 6,191,577 B1* 2/2001 Sasaki et a1. ........ .. 324/207.2l 

5,589,768 A 12/1996 lshiyama et a1‘ ~~~~ " 32400721 6,243,288 B1 6/2001 IshlkaWa et a1. .......... .. 365/158 
5,617,071 A 4/l997 Daughton ~~~~~~~~~~~~~~~~~~ " 338/32 6,282,068 B1 8/2001 Plnarbasl ............. .. 360/324.11 

5621320 A 4/l997 Yokotani et a1‘ ~~~~~~~~~~ " 324/252 6,313,973 B1 11/2001 Fuke et a1. ............ .. 360/324.1 

5,644,456 A 7/1997 Smith et a1. .... .. 360/113 
5,742,162 A 4/1998 Nepela et a1. ............ .. 324/252 FOREIGN PATENT DOCUMENTS 

5,820,924 A 10/1998 Witcraft et a1. ........... .. 427/130 JP 2001332783 11/2001 
5,869,963 A 2/1999 Saito et a1. 324/252 
5,945,825 A 8/1999 Clemens ................... .. 324/252 OTHER PUBLICATIONS 

5,952,825 A 9/1999 Wan ......................... .. 324/252 
5,999,378 A 12/1999 Saito et a1. ........ .. 360/113 White, Robert L- “Giant Magnetoresistance Materials and 
6,020,738 A 2/2000 Van den Berg er a1, 324/252 their Potential as Read Head Sensors,” IEEE Transactions 
6,061,211 A 5/2000 Yoda et a1. ............... .. 360/113 on Magnetics, Vol, 30, No, 2, Mar, 1994, 
6,153,062 A 11/2000 Saito et a1. ..... .. . 204/192.2 

6,175,296 B1 1/2001 Tokunaga et a1. ........... .. 338/32 * cited by examiner 



U.S. Patent Jun. 20, 2006 Sheet 1 0f 7 US 7,064,937 B2 

" QUE 



U.S. Patent Jun. 20, 2006 Sheet 2 0f 7 US 7,064,937 B2 

con 
man mom wcw new 

N .QHE mw><.._ wodiw 





U.S. Patent Jun. 20, 2006 Sheet 4 0f 7 US 7,064,937 B2 



U.S. Patent Jun. 20, 2006 Sheet 5 0f 7 US 7,064,937 B2 

m .wHm a 



U.S. Patent Jun. 20, 2006 Sheet 6 6f 7 US 7,064,937 B2 

~ f 

new 

mom 



U.S. Patent Jun. 20, 2006 Sheet 7 0f 7 US 7,064,937 B2 

h .wHm 

won )1.‘ 

a 

we. 2 

A 

Now 2 ooh 



US 7,064,937 B2 
1 

SYSTEM AND METHOD FOR FIXING A 
DIRECTION OF MAGNETIZATION OF 

PINNED LAYERS IN A MAGNETIC FIELD 
SENSOR 

FIELD 

The present invention relates generally to giant magne 
toresistive (“GMR”) sensors. More speci?cally, the present 
invention relates to a GMR sensor in Which a direction of 
magnetization of pinned layers in the GMR sensor may be 
easily ?xed. 

BACKGROUND 

The ability to sense and measure a magnetic ?eld is 
important in many areas. For example, magnetic sensors 
may be used for compassing, navigation, magnetic anomaly 
detection, and identifying position. As a result, magnetic 
sensors may be found in medical, laboratory, and electronic 
instruments; Weather buoys; virtual reality systems; and a 
variety of other systems. 

Such applications frequently employ magnetoresistive 
(“MR”) sensors capable of sensing small magnetic ?elds. 
MR sensors are often formed using integrated circuit fabri 
cation techniques and are typically composed of a nickel 
iron (permalloy) thin ?lm deposited on a silicon Wafer, or 
other type of substrate, and patterned as resistive strips. The 
resistance of the strips varies With respect to an angle formed 
betWeen a sensed magnetic ?eld and current direction Within 
the sensor. The strip resistance is maximized When the 
magnetic ?eld and the current direction are parallel to each 
other. 

During the manufacture of an MR sensor, the easy axis 
(the preferred direction of magnetization) is set to a direction 
along the length of the ?lm to alloW the maximum change 
in resistance of the strip. HoWever, the in?uence of a strong 
magnetic could rotate the magnetiZation of the ?lm, chang 
ing the sensor’s characteristics. FolloWing such changes, a 
strong restoring magnetic ?eld can be applied to the sensor 
to restore, or set, the sensor’s characteristics. 

In certain designs, large external magnets can be placed 
adjacent to the sensor to set the sensor’s characteristics. 
HoWever, such an implementation may not be feasible When 
the MR sensor has already been packaged into a system. 
Particularly, some applications require several sensors 
Within a single package to be magnetiZed in different direc 
tions. In such applications, instead of using large external 
magnets, individual coils may be Wrapped around each 
sensor to restore the sensor’s characteristics. Alternatively, 
current straps, also knoWn as set-reset straps, may be used to 
restore the sensor’s characteristics. The use of current straps 
in a magnetic ?eld sensing device is discussed in US. Pat. 
No. 5,247,278 to Bharat B. Pant, assigned to the same 
assignee as the current application. US. Pat. No. 5,247,278 
is fully incorporated herein by reference. 

Another type of magnetic sensor is a giant magnetoresis 
tive (“GMR”) sensor. GMR sensors are typically employed 
in applications that require measurements of relatively small 
magnetic ?elds. GMR sensors may be manufactured using 
thin ?lm technology and may include multiple layers of 
alternating ferromagnetic and non-magnetic materials. Gen 
erally, a GMR sensor includes tWo magnetic layers separated 
by a non-magnetic layer. The resistance of the magnetic 
layers is related to the direction of magnetiZation betWeen 
the tWo magnetic layers. 
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2 
Some of the structures currently being used to fabricate 

GMR elements include unpinned sandWich, antiferromag 
netic multilayer, spin valve structures, and spin dependent 
tunnel structures. 

The unpinned sandWich structure may include tWo mag 
netic layers separated by a conducting non-magnetic layer. 
For example, an unpinned sandWich structure may consist of 
tWo permalloy layers separated by a layer of copper. 
An antiferromagnetic multilayer structure may consist of 

multiple repetitions of alternating conducting magnetic lay 
ers and non-magnetic layers. In this structure, each magnetic 
layer may have a direction of magnetiZation antiparallel to 
the direction of magnetiZation of the magnetic layers on 
either side. 

Spin valve structures may include a pinned magnetic layer 
and a free magnetic layer, With a nonmagnetic layer, such as 
copper, located betWeen the tWo magnetic layers. The 
pinned layer may have a ?xed magnetiZation direction, 
While the free layer may rotate in the presence of an external 
magnetic ?eld. 

Spin dependent tunnel structures are similar to spin valve 
structures; hoWever, the non-magnetic layer is a non-con 
ductive material, such as an oxide, and current ?oWs from 
one magnetic layer to another magnetic layer through a 
tunnel current in the non-conductive layer. 

Magnetic ?eld sensors using GMR elements are often 
fabricated in a Wheatstone bridge con?guration. A Wheat 
stone bridge can be fabricated using four GMR elements, 
such as spin valves. One of the biggest challenges of 
fabricating a spin valve GMR sensor in a Wheatstone bridge 
con?guration is producing tWo GMR element pairs that 
respond differently to the same external magnetic ?eld. For 
a spin valve GMR sensor, the direction of magnetiZation of 
the pinned layers in adjacent legs of the bridge should be 
antiparallel in order to utiliZe the GMR ratio fully. 
US. Pat. No. 5,617,071 entitled “Magnetoresistive struc 

ture comprising ferromagnetic thin ?lms and intermediate 
alloy layer having magnetic concentrator and shielding 
permeable masses” discloses one approach to ?x the direc 
tion of magnetiZation of the pinned layers in adjacent legs to 
be antiparallel by shielding one pair of Wheatstone bridge 
elements. By shielding opposing GMR elements With a 
highly permeable material, the shielded pair may not expe 
rience the effects of an applied magnetic ?eld that rotates the 
direction of magnetiZation of the non-shielded pair. HoW 
ever, this approach limits the range of the output signal, 
reduces sensitivity of the sensor in half, and requires extra 
processing steps to fabricate the shielded layer. 
US. Pat. No. 5,561,368 (hereinafter referred to as the 

’368 patent) entitled “Bridge Circuit Magnetic Field Sensor 
Having Spin Valve Magnetoresistive Elements Formed on 
Common Substrate” discloses another approach for produc 
ing tWo GMR element pairs that respond differently to the 
same external magnetic ?eld. According to the ’368 patent, 
four GMR spin valve elements are formed on the same 
substrate. The free layers of all four of the spin valve 
elements have their magnetiZation axes parallel to one 
another. The pinned layers of tWo spin valve elements have 
their magnetiZation axes antiparallel to the direction of 
magnetiZation of the pinned layers of the other tWo spin 
valve elements. 
The magnetic ?eld sensor in the ’368 patent further 

includes an electrically conductive ?xing layer (a current 
strap) formed on the substrate. The application of current 
through the ?xing conductor during fabrication of the sensor 
?xes the direction of magnetiZation of tWo of the pinned 
layers to be antiparallel to the direction of magnetiZation of 
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the other tWo pinned layers. While the current is applied to 
the ?xing conductor, the sensor is ?rst heated and then 
cooled. 

The application of the current during the sensor fabrica 
tion may be dif?cult and not feasible, especially When many 
sensors are fabricated on a single Wafer. Multiple poWer 
supplies may be required to supply the current to the ?xing 
conductors or individual sensors may have to be linked. 
Thus, the methods described in the ’368 patent may require 
a complicated manufacturing process. Furthermore, apply 
ing heat during the process may reduce the GMR ratio for 
the material. 

Therefore, a need exists for a simple method of setting the 
magnetiZation directions in the pinned layers of spin valve 
GMR sensors con?gured in a Wheatstone bridge con?gu 
ration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An exemplary embodiment of the present invention is 
described beloW With reference to the draWings, in Which: 

FIG. 1 is a schematic diagram of a GMR sensor, according 
to an exemplary embodiment; 

FIG. 2 is a cross sectional vieW of a spin valve element, 
according to an exemplary embodiment; 

FIG. 3 is a cross sectional vieW of a GMR sensor, 

according to an exemplary embodiment; 
FIG. 4 is a cross sectional vieW of one half of a spin valve 

GMR sensor in a Wheatstone bridge con?guration, accord 
ing to an exemplary embodiment; 

FIG. 5 is a How chart diagram of a method of fabricating 
a GMR sensor, according to an exemplary embodiment; 

FIG. 6 is a cross sectional vieW of a GMR sensor, 

according to an exemplary embodiment; and 
FIG. 7 is a How chart diagram of a method of fabricating 

a GMR sensor, according to another exemplary embodi 
ment. 

DETAILED DESCRIPTION 

FIG. 1 is a schematic diagram illustrating a giant mag 
netoresistive (“GMR”) sensor 100, according to an exem 
plary embodiment. The GMR sensor 100 includes four spin 
valve elements 102, 104, 106, and 108 arranged in a bridge 
con?guration, such as a Wheatstone bridge. Other bridge 
con?gurations may be used. The GMR sensor 100 may be 
packaged as an integrated circuit. 

Spin valve elements 102*108 may be composed of GMR 
thin ?lm layers as described beloW With reference to FIG. 2. 
Spin valve element 102 may respond to an external magnetic 
?eld substantially in the same manner as spin valve element 
106. Spin valve element 104 may respond to an external 
magnetic ?eld substantially in the same manner as spin 
valve 108. 

Each of the spin valve elements 102*108 has a length and 
a Width. Each spin valve element 102*108 may be arranged 
so that each length is parallel to lengths of the other spin 
valve elements. Further, each spin valve element 102*108 
may be several hundred microns long and a feW microns 
Wide. The Width of each spin valve element 102*108 may 
vary based on the GMR sensor’s sensitivity requirements, 
While the length of each element may vary based on the 
GMR sensor’s resistance and siZe requirements. 

The GMR sensor 100 may include four terminals 110, 
112, 114, and 116. As depicted in FIG. 1, terminal 110 is 
located betWeen spin valve elements 102 and 108, terminal 
112 is located betWeen spin valve elements 102 and 104, 
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4 
terminal 114 is located betWeen spin valve elements 104 and 
106, and terminal 116 is located betWeen spin valve ele 
ments 106 and 108. A poWer supply may be applied across 
terminals 110 and 114, Which may result in an output of the 
bridge across terminals 112 and 116. Alternatively, the 
poWer supply may be applied across terminals 112 and 116, 
resulting in an output of the bridge across the terminals 110 
and 114. 

FIG. 2 is a cross sectional vieW of a spin valve element 
200. Spin valve element 200 may be substantially the same 
as spin valve elements 102*108 depicted in FIG. 1. The spin 
valve element 200 may include a free layer 202, a space 
layer 204, a pinned layer 206, and a bias layer 208. As 
depicted in FIG. 2, the pinned layer 206 is located substan 
tially above the bias layer 208, the space layer 204 is located 
substantially above the pinned layer 206, and the free layer 
202 is located substantially above the space layer 204. The 
spin valve element 200 may include additional layers not 
shoWn in FIG. 2, such as a capping layer or a buffer layer. 
The layers 202*208 of the spin valve element 200 may be 

deposited on a substrate using standard semiconductor depo 
sition processes. For example, the layers 202*208 may be 
deposited using sputtering. The substrate may be composed 
of a semiconductor material such as silicon or gallium 
arsenide. 
The layers 202*208 of the spin valve element 200 may be 

deposited in an external magnetic ?eld. As a result, the free 
layer 202 and the pinned layer 206, Which are both magnetic 
layers, may each possess a magnetic easy axis (a preferred 
direction of magnetization) due to their grain structure. The 
easy axis of the free layer 202 may be substantially parallel 
to the length of the spin valve element 200. The easy axis of 
the pinned layer 206 may be substantially perpendicular to 
the length of the spin valve element 200. 
The free layer 202 may be composed of a ferromagnetic 

material, such as cobalt, iron, nickel, and their related alloys. 
In a preferred embodiment, the free layer may be permalloy. 
HoWever, other ferromagnetic materials may be used to 
form the free layer. The free layer 202 may be free to rotate 
its direction of magnetiZation in response to an externally 
applied magnetic ?eld. 
The space layer 204 may be composed of a nonmagnetic 

material, such as copper (Cu). HoWever, other nonmagnetic 
materials may be used to form the space layer. The space 
layer 204 may separate the tWo magnetic layers (e.g., the 
free layer 202 and the pinned layer 206). The space layer 204 
may be thin enough so that the tWo magnetic layers 202, 206 
may be coupled. For example, the space layer 204 may be 
approximately li4 nm. Accordingly, When one of the layers 
changes magnetic orientation, the other magnetic layer may 
also change its orientation. 
The pinned layer 206 may also be composed of a ferro 

magnetic material. While a layer composed of cobalt (Co) or 
a CoFe alloy is preferred for the pinned layer, other ferro 
magnetic materials may be used. The bias layer 208 may ?x 
the magnetiZation direction of the pinned layer 206. Accord 
ingly, When the pinned layer 206 is exposed to an externally 
applied magnetic ?eld, the direction of magnetiZation of the 
pinned layer 206 may remain in its preferred or ?xed 
orientation. 
The bias layer 208 may be composed of an antiferromag 

netic material. The bias layer 208 may be composed of tWo 
layers, a ?rst bias layer and a second bias layer. In a 
preferred embodiment, the ?rst bias layer may be composed 
of ruthenium (Ru), While the second bias layer may be 
composed of cobalt (Co). The ?rst bias layer may be located 
substantially above the second bias layer. If the pinned layer 
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206 is composed of cobalt, the pinned layer 206 and the bias 
layer 208 may form a “sandwich” With the ruthenium layer 
located betWeen the tWo cobalt layers. The bias layer 208 
may ?x the magnetization direction of the pinned layer 206. 

According to an exemplary embodiment, the thickness of 
the pinned layer 206 and the thickness of the cobalt layer in 
the bias layer 208 may be different. The thickness of the 
ruthenium layer in the bias layer 208 may be selected so that 
it provides antiferromagnetic coupling betWeen the tWo 
adjacent cobalt layers. As a result the magnetizations of 
these tWo cobalt layers have opposite directions. For 
example, the thickness of the ruthenium layer may be 
approximately 4*7 Angstroms. In such an embodiment, the 
total magnetization from the tWo cobalt layers is very small, 
and thus, may not be easily in?uenced by an external 
magnetic ?eld With loW or moderate strength. 

FIG. 3 is a cross-sectional vieW of a GMR sensor 300. 

FIG. 3 depicts spin valve elements 302, 304, 306, and 308 
in a bridge arrangement, similar to the con?guration 
depicted in FIG. 1. Spin valve elements 302*308 are sub 
stantially the same as spin valve element 200 depicted in 
FIG. 2. In FIG. 3, the spin valve elements are shoWn With a 
free layer consisting of permalloy, a space layer consisting 
of copper (Cu), a pinned layer consisting of cobalt (Co), and 
a bias layer consisting of a ruthenium/cobalt (Ru/Co) layer. 
HoWever, the spin valve element layers may be composed of 
different materials as discussed With reference to FIG. 2. 
FIG. 3 also depicts the direction of magnetization in each of 
the layers of the spin valve elements 302*308. 

According to an exemplary embodiment, the direction of 
the magnetization of the pinned layer in one of the spin valve 
elements is antiparallel to the direction of the magnetization 
of the pinned layers in adjacent spin valve elements (e.g., 
compare element 302 With elements 304 and 308). The 
arroWs in the pinned layers represent the direction of the 
magnetization in these layers. The direction of magnetiza 
tion in each of the pinned layers may be critical to the 
operation of the GMR sensor 300. The layer of cobalt in the 
bias layer may have a magnetization in a direction opposite 
to that of the magnetization of the pinned layer in each of the 
spin valve elements 302*308. 

In the absence of a magnetic ?eld, the direction of 
magnetization in the free layers (permalloy layers) of each 
of the spin valve elements 302*308 may be the same. As 
depicted in FIG. 3, the free layers have a direction of 
magnetization into the page, Which is perpendicular to the 
direction of the magnetizations in the tWo cobalt layers. This 
arrangement may provide the most linear response for the 
spin valve elements 302*308. 
The bridge arrangement of the GMR sensor 300 may be 

balanced so that the spin valve elements 302*308 have equal 
resistance When not exposed to a magnetic ?eld. If a voltage 
is applied across tWo opposite terminals of a balanced GMR 
sensor 300 that is not exposed to an external magnetic ?eld, 
the differential output across the tWo other terminals Will 
equal zero. 

HoWever, When the balanced GMR sensor 300 is exposed 
to a magnetic ?eld, the free layers may rotate While the 
pinned layers remain ?xed, resulting in a change of resis 
tance of each of the spin valve elements 302*308. The 
resistance change may be proportional to the angle betWeen 
the magnetization direction of the ?xed pinned layer and the 
magnetization direction of the rotating free layer. This 
change in resistance may be detected and the magnitude and 
polarity of the applied magnetic ?eld may be determined 
from the resistance change. 
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One of the biggest challenges of manufacturing a spin 

valve GMR sensor in a Wheatstone bridge or similar con 
?guration is fabricating the pinned layers to have antiparallel 
magnetic directions in adjacent legs of the bridge. In one 
embodiment, applying a current pulse to an isolated metal 
layer may be used to set the direction of magnetization in the 
pinned layers. 

FIG. 4 is a cross sectional vieW of one half of a Wheat 
stone bridge con?guration spin valve GMR sensor 400. It is 
understood that the GMR sensor 400 may have a second half 
substantially similar to the half depicted in FIG. 4. Spin 
valve elements 402 and 404 are substantially the same as 
spin valve elements 302 and 304 depicted in FIG. 3. The 
connections betWeen spin valve elements 402 and 404 are 
not shoWn in FIG. 4 for the sake of simplicity, but it is 
understood that spin valve element 402 is connected to spin 
valve element 404 in such a manner that element 402 is 
located adjacent to element 404 in a bridge con?guration. 
Accordingly, it is desirable for the direction of the magne 
tization in the pinned layer of spin valve element 402 to be 
antiparallel to the direction of the magnetization in the 
pinned layer of spin valve element 404. 

Spin valve elements 402, 404 may be formed on dielectric 
layers 406, 408. The dielectric layers 406, 408 may be 
deposited on metal layers 410, 412. The metal layers 410, 
412 may be deposited on a substrate. Standard semiconduc 
tor deposition processes may be used to deposit the metal 
layers 410, 412; the dielectric layers 406, 408; and the layers 
of the spin valve elements 402, 404. 
The metal layers 410, 412 may be composed of copper, 

aluminum, or other conducting material. The dielectric 
layers 406, 408 may be composed of an insulating material, 
such as silicon dioxide or silicon nitride. The substrate may 
be composed of a semiconductor material such as silicon or 
gallium arsenide. 
The metal layers 410, 412 may be connected to electrodes 

or other device terminals. As such, a source may be applied 
to the metal layers 410, 412 after device fabrication. For 
example, a current source may be applied to the metal layers 
410, 412. The metal layers 410, 412 may be connected to the 
same current source, or each metal layer 410, 412 may be 
connected to a different current source. 

Metal layer 410 may be located on the same substrate as 
metal layer 412. HoWever, metal layer 410 may be electri 
cally isolated from metal layer 412. Standard semiconductor 
isolation techniques may be used to provide the isolation. 
Accordingly, current ?oWing through metal layer 410 may 
not impact metal layer 412, and vice versa. 

After the GMR sensor has been fabricated, a current pulse 
may be applied to each of the metal layers 410, 412. The 
current pulse may be characterized as having a large peak 
and a short Width. The peak of the current pulse should be 
large enough to provide su?icient magnetic ?eld to set the 
direction of magnetization in the spin valve elements 402, 
404, While the Width should be short enough to avoid 
generating too much heat. For example, the current peak 
may range from 100 milliamperes to several amperes and 
the pulse may be approximately 1 microsecond. HoWever, 
other current pulses With different peaks and Widths may be 
used. 

Applying a current pulse to each of the metal layers 410, 
412 may generate a localized magnetic ?eld. The magnetic 
?eld generated by current ?oWing through metal layer 410 
may affect spin valve element 402, but not spin valve 
element 404. LikeWise, the magnetic ?eld generated by 
current ?oWing through metal layer 412 may affect spin 
valve element 404, but not spin valve element 402. 
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The current ?owing through metal layer 410 may be 
designed to How in a direction opposite to that of the current 
?oWing through metal layer 412. The opposite directions of 
current ?oW through the metal layers 410, 412 may generate 
the localiZed magnetic ?elds that cause spin valve elements 
402, 404 to orient in opposite directions. In response to the 
pulse current, the layer of cobalt in the bias layer of spin 
valve element 402 may be ?xed in a direction antiparallel to 
the layer of cobalt in the bias layer of spin valve element 
404. 

The current pulse may affect the total magnetiZation from 
the pinned and biasing layers. The total magnetiZation may 
be the difference betWeen the magnetiZations of the pinned 
and biasing layers because the moments are in opposite 
directions. The total magnetiZation may align to the mag 
netic ?eld direction generated by the current pulse. 

FIG. 5 is a How chart diagram of a method 500. The 
method 500 provides a method of fabricating a spin valve 
GMR sensor in a bridge con?guration, such as a Wheatstone 
bridge. Block 502 speci?es depositing metal layers. The 
metal layers may be deposited onto a substrate using stan 
dard semiconductor fabrication techniques. The metal layers 
may be composed of copper, aluminum, or other conducting 
material. A separate metal layer may be deposited for each 
spin valve element. Alternatively, a separate metal layer may 
be deposited for each pair of spin valve elements having the 
same direction of magnetiZation in their respective pinned 
layers. In yet another embodiment, a single metal layer may 
be deposited for all four spin valve elements in the GMR 
sensor. 

Block 504 speci?es depositing dielectric layers. The 
dielectric layers may be composed of an insulating material, 
such as silicon dioxide or silicon nitride. The dielectric 
layers may be deposited onto the metal layers using standard 
semiconductor fabrication techniques. Accordingly, there 
may be a separate dielectric layer for each spin valve 
element or for each pair of spin valve elements having the 
same direction of magnetiZation in their respective pinned 
layers. 

Block 506 speci?es depositing spin valve element layers. 
The spin valve element layers may include a free layer, a 
space layer, a pinned layer, and a bias layer. The spin valve 
element layers may be deposited onto the dielectric layers 
using standard semiconductor fabrication techniques. Four 
spin valve elements may be formed for each GMR sensor 
fabricated in a bridge con?guration. The four spin valve 
elements may be formed on separate dielectric layers. Alter 
natively, one pair of spin valve elements may be formed on 
one dielectric layer and a second pair of spin valve elements 
may be formed on a second dielectric layer. 

Block 508 speci?es applying a current pulse to the metal 
layers. The current pulse may ?x the direction of the 
magnetiZations in the pinned layers to be in the same 
direction Within each pair. Additionally, the current pulse 
may ?x the direction of the magnetiZations of the pinned 
layers in one pair to be antiparallel to the magnetiZations of 
the pinned layers in the other pair. The current pulse may be 
applied to electrodes connected to the metal layers When the 
fabrication of the GMR sensor is substantially complete. 

In an alternate embodiment, the spin valve elements may 
be deposited prior to depositing the dielectric layers and the 
metal layers. The dielectric layers may be located substan 
tially betWeen the spin valve element layers and the metal 
layers. 

This method of making the pinned layers have antiparallel 
magnetic directions in the adjacent legs of a bridge may be 
advantageous because the current pulse is applied after the 
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GMR sensor is fabricated. Applying a current to a current 
strap during fabrication may be very dif?cult, especially 
When there are many sensors on a single Wafer. In addition, 
by limiting the Width of the current pulse, degradation of the 
GMR sensor due to heat may be avoided. The resulting 
bipolar GMR sensor may be highly sensitive to Wide range 
of magnetic ?elds. 

FIG. 6 is a cross sectional vieW ofa GMR sensor 600. The 
GMR sensor 600 includes tWo spin valve element pairs. Spin 
valve elements 602 and 606 form the ?rst pair, While spin 
valve elements 604 and 608 form the second pair. The ?rst 
pair of spin valve elements may have a pinned layer (cobalt 
layer) that is substantially thicker than the layer of cobalt in 
the bias layer. In contrast, the second pair of spin valve 
elements may have a pinned layer (cobalt layer) that is 
substantially thinner than the layer of cobalt in the bias layer. 
For example, the cobalt layer thickness may be in the range 
of 3 to 20 nanometers. Additionally, the difference in thick 
ness betWeen the tWo cobalt layers may be in the range of 0.4 
to 10 nanometers. Other thicknesses may also be used. 
The ?rst spin valve element pair (spin valve elements 602 

and 606) may be formed on a substrate 610. Spin valve 
elements 602 and 606 may be located diagonally in the 
bridge, such as spin valve elements 102 and 106 in FIG. 1. 
Each spin valve element in the ?rst spin valve element pair 
may include a free layer, a space layer, a pinned layer, and 
a bias layer. When the layers of the ?rst spin valve element 
pair are deposited, the pinned layer (cobalt layer) may be 
substantially thicker than the layer of cobalt in the bias layer. 
A ?rst dielectric layer 612 may be deposited substantially 

around the top and tWo sides of the ?rst spin valve element 
pair, using standard semiconductor deposition processes. 
The ?rst dielectric layer 612 may be composed of an 
insulating material, such as silicon dioxide or silicon nitride. 
A second dielectric layer 614 may be deposited on the 

substrate 610 substantially adjacent to the ?rst spin valve 
element pair. The dielectric layer 614 may be composed of 
an insulating material, such as silicon dioxide or silicon 
nitride. Alternatively, the ?rst dielectric layer 612 may be 
deposited on the substrate 610 substantially adjacent to the 
?rst spin valve element pair, eliminating the need for the 
second dielectric layer 614. 
The second spin valve element pair (spin valve elements 

604 and 608) may be formed on the dielectric layer 614. 
Each spin valve element in the second spin valve element 
pair may include a free layer, a space layer, a pinned layer, 
and a bias layer. When the layers of the second spin valve 
element pair are deposited, the pinned layer (cobalt layer) 
may be substantially thinner than the layer of cobalt in the 
bias layer. 

After fabricating GMR sensor 600, the GMR sensor 600 
may be magnetiZed by a large external magnetic ?eld. The 
magnetic ?eld may be greater than 10 Gauss, depending on 
the ?lm thickness. The magnetiZations of the thicker layers 
of cobalt (e.g., the pinned layer of the ?rst pair of spin valve 
elements and the layer of cobalt in the bias layer of the 
second pair of spin valve elements) may align in the same 
direction. The magnetiZations of the thicker layers of cobalt 
may be substantially aligned in the direction of the applied 
magnetic ?eld. 

Through the coupling of the layer of ruthenium (Ru) in the 
bias layer, the magnetiZations of the thinner cobalt layers 
may align in a direction opposite to that of the thicker cobalt 
layers. As a result, the orientation of the magnetiZation of the 
pinned layers in the ?rst spin valve element pair may be 
antiparallel to the magnetiZation of the pinned layers in the 
second spin valve element pair. 
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FIG. 7 is a How chart diagram of a method 700. The 
method 700 provides a method of fabricating a spin valve 
GMR sensor in a bridge con?guration. For example, the 
bridge con?guration may be a Wheatstone bridge. Block 702 
speci?es forming a ?rst spin valve element pair. Standard 
semiconductor deposition processes may be used to deposit 
the various layers of the tWo spin valve elements onto a 
substrate. The layers of the ?rst spin valve element pair may 
be deposited such that the layer of cobalt in the bias layers 
are thinner than the pinned layers, Which may also be 
composed of cobalt. A dielectric layer may be deposited 
substantially around the top and tWo sides of the spin valve 
element pair. 

Block 704 speci?es forming a second spin valve element 
pair. A dielectric layer may be deposited on the substrate 
substantially adjacent to the ?rst spin valve element pair. 
Standard semiconductor deposition processes may be used 
to deposit the various layers of the tWo spin valve elements 
onto the dielectric layer located substantially adjacent to the 
?rst spin valve element pair. The layers of the second spin 
valve element pair may be deposited such that the layer of 
cobalt in the bias layers are thicker than the pinned layers, 
Which may also be composed of cobalt. 

Block 706 speci?es applying a magnetic ?eld. The mag 
netic ?eld may be applied to the ?rst and second spin valve 
element pairs after they have been fabricated. The magnetic 
?eld may cause the magnetiZations of the thicker layers of 
cobalt to align in the direction of the applied magnetic ?eld. 
Through the coupling of the layer of ruthenium in the bias 
layer, the magnetiZations of the thinner cobalt layers may 
align in a direction opposite to that of the thicker cobalt 
layers. As a result, the orientation of magnetization of the 
pinned layers in the ?rst spin valve element pair may be 
antiparallel to the magnetiZation of the pinned layers in the 
second spin valve element pair. 

This method of making the pinned layers have antiparallel 
magnetic directions in adjacent legs of a bridge may be 
advantageous because simple fabrication methods are used. 
Because the applied magnetic ?eld is applied to both spin 
valve element pairs, fabricating a shield layer for half of the 
bridge may be unnecessary, Which reduces the complexity of 
manufacturing the GMR sensor. The resulting bipolar GMR 
sensor may be highly sensitive to Wide range of magnetic 
?elds. 

Methods 500 and 700 may also used for fabricating GMR 
sensors using spin dependent tunnel elements. A difference 
betWeen the spin valve elements and a spin dependent tunnel 
element is the type of material used in fabricating the space 
layer. While a space layer in a spin valve may be composed 
of copper, the space layer in a spin dependent tunnel 
structure may be composed of an oxide. A change in the type 
of spacer material may not impact the effectiveness of the 
systems and methods described above With respect to a 
GMR sensor using spin valve elements. 

It should be understood that the illustrated embodiments 
are exemplary only and should not be taken as limiting the 
scope of the present invention. The claims should not be read 
as limited to the described order or elements unless stated to 
that effect. Therefore, all embodiments that come Within the 
scope and spirit of the folloWing claims and equivalents 
thereto are claimed as the invention. 
We claim: 
1. A spin valve giant magnetoresistive sensor in a bridge 

con?guration, comprising in combination: 
a ?rst pair of spin valve elements in Which each spin valve 

element contains at least a free layer, a space layer, a 
pinned layer and a bias layer, Wherein the bias layer 
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10 
includes a ?rst bias layer and a second bias layer, 
Wherein the ?rst bias layer is located substantially 
betWeen the pinned layer and the second bias layer, and 
Wherein the pinned layer is substantially thicker than 
the second bias layer; and 

a second pair of spin valve elements in Which each spin 
valve element contains at least a free layer, a space 
layer, a pinned layer, and a bias layer, Wherein the bias 
layer includes a ?rst bias layer and a second bias layer, 
Wherein the ?rst bias layer is located substantially 
betWeen the pinned layer and the second bias layer, 
Wherein the pinned layer is substantially thinner than 
the second bias layer, and Wherein a direction of 
magnetiZation in the pinned layer of the ?rst pair of 
spin valve elements is antiparallel to a direction of 
magnetiZation in the pinned layer of the second pair of 
spin valve elements. 

2. The sensor of claim 1, Wherein the ?rst spin valve 
element pair is formed on a substrate. 

3. The sensor of claim 1, Wherein a dielectric layer is 
deposited substantially around a top and tWo sides of the ?rst 
spin valve element pair. 

4. The sensor of claim 1, Wherein the second spin valve 
element pair is formed on a dielectric layer located substan 
tially adjacent to the ?rst spin valve element pair. 

5. The sensor of claim 1, Wherein the pinned layer and the 
second bias layer are composed of cobalt. 

6. The sensor of claim 1, Wherein the ?rst bias layer is 
composed of ruthenium. 

7. The sensor of claim 1, Wherein the ?rst bias layer is 
operable to couple the pinned layer and the second bias 
layer. 

8. The sensor of claim 1, Wherein a magnetic ?eld is 
applied to the ?rst spin valve element pair and the second 
spin valve element pair. 

9. The sensor of claim 8, Wherein the magnetic ?eld is 
greater than 10 Gauss. 

10. The sensor of claim 8, Wherein the magnetic ?eld is 
operable to set a direction of magnetiZation in the pinned 
layer of the ?rst pair of spin valve elements and the second 
bias layer of the second pair of spin valve elements in a 
direction of the magnetic ?eld. 

11. The sensor of claim 8, Wherein the magnetic ?eld is 
operable to set a direction of magnetiZation in the pinned 
layer of the second pair of spin valve elements and the 
second bias layer of the ?rst pair of spin valve elements in 
a direction substantially opposite to that of the magnetic 
?eld. 

12. The sensor of claim 8, Wherein the magnetic ?eld is 
operable to set a direction of magnetiZation in the pinned 
layer of the ?rst pair of spin valve elements to be substan 
tially antiparallel to a direction of magnetiZation in the 
pinned layer of the second pair of spin valve elements. 

13. A method of fabricating a spin valve GMR sensor in 
a bridge con?guration, comprising in combination: 

forming a ?rst spin valve element pair in Which each spin 
valve element contains at least a free layer, a space 
layer, a pinned layer and a bias layer, Wherein the bias 
layer includes a ?rst bias layer and a second bias layer, 
Wherein the ?rst bias layer is located substantially 
betWeen the pinned layer and the second bias layer, and 
Wherein the pinned layer is substantially thicker than 
the second bias layer; 

forming a second spin valve element pair in Which each 
spin valve element contains at least a free layer, a space 
layer, a pinned layer and a bias layer, Wherein the bias 
layer includes a ?rst bias layer and a second bias layer, 
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wherein the ?rst bias layer is located substantially 
betWeen the pinned layer and the second bias layer, and 
Wherein the pinned layer is substantially thinner than 
the second bias layer; and 

applying a magnetic ?eld to the ?rst spin Valve element 
pair and the second spin Valve element pair, thereby 
setting a direction of magnetization in the pinned layer 
of the ?rst pair of spin Valve elements that is substan 
tially antiparallel to a direction of magnetiZation in the 
pinned layer of the second pair of spin Valve elements. 

14. The method of claim 13, Wherein the pinned layer and 
the second bias layer are composed of cobalt. 

15. The method of claim 13, Wherein the ?rst bias layer 
is composed of ruthenium. 

16. The method of claim 13, Wherein the ?rst bias layer 
is operable to couple the pinned layer and the second bias 
layer. 
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17. The method of claim 13, Wherein the magnetic ?eld is 

greater than 10 Gauss. 

18. The method of claim 13, Wherein the magnetic ?eld is 
operable to set a direction of magnetiZation in the pinned 
layer of the ?rst pair of spin Valve elements and the second 
bias layer of the second pair of spin Valve elements in a 
direction of the magnetic ?eld. 

19. The method of claim 13, Wherein the magnetic ?eld is 
operable to set a direction of magnetiZation in the pinned 
layer of the second pair of spin Valve elements and the 
second bias layer of the ?rst pair of spin Valve elements in 
a direction substantially opposite to that of the magnetic 
?eld. 


